Shape grammars have been used to explore design spaces through design generation according to sets of shape rules with a recursive process. Although design space exploration is a persistent issue in computational design research, there have been few studies regarding the provision of more preferable and refined outcomes to designers. This paper presents an approach for the categorisation of design outcomes from shape grammar systems to support individual preferences via two customised viewpoints: (i) absolute preference values of shape rules and (ii) relative preference values of shape rules with shape rule classification levels with illustrative examples.
Introduction
One valuable technique to conceive designs is to generate design alternatives. Computational advancements and the evolution of modern design processes have opened new lines of research based on generative systems. The purpose of generative systems is not always to reach a unique optimal solution but instead to display a range of design alternatives. There are many different variants of generative design systems. They typically generate satisfactory designs starting from little or nothing, being guided by performance criteria within a given design space [1] . One way of obtaining sets of satisfactory designs is to define preference values for generative rules. In other words, instead of randomly generating lots of designs and , where a and b are both labelled shapes, and are applicable to a shape S if there is a transformation that imbeds a in S. A shape rule is applied by replacing the transformed shape a in S with the similarly transformed shape b. These allow the construction of complex shapes from simple shape elements. The potential for applying shape grammars to explore design spaces has been applied in areas such as architectural and consumer product design [3] . Despite a history going back decades [4] , progress in computer implementation of shape grammar systems has been slow [5] . This is partly due to complexities in object representation used in such systems [6] but is also possibly a consequence of the characteristic of producing large, possibly an infinite number of outcomes [7] . As a result relatively few researchers have attempted to categorise outcomes from shape grammar systems. While diversity and number of outcomes may be appreciated by designers, they may wish to limit this number in order to reduce their efforts to find preferable (or appropriate) ones.
The research described here results from an ongoing project concerning design synthesis and shape generation (DSSG). The project explores how designers generate shapes and how shape computation systems might support designers without impinging upon their creativity. The aim of this paper is to present an approach to categorising design outcomes from shape grammar systems to support individual preference. It offers the possibility of providing more preferable and refined outcomes to designers based on their own ways of shape generation. Here, the categorisation of design outcomes is not intended to reflect a measure of similarity or style but instead is intended to reflect the likelihood that designs would be produced by a designer. This likelihood is based on experimental data concerned with analysing how designers specify and manipulate shapes when exploring designs [8] . This analysis led to the definition of shape rules believed to capture the manipulations typically used by designers, and to data related to the frequency that such rules were used to explore designs.
Clustering via customisable viewpoints
Shape rules can formalise the creative process that involves the generation of designs, the selection of the preferable, and the seeding of a new genera-
